In the Northern Hemisphere, sea-ice extent varies from a minimum of 7.0 × 10 6 km 2 in September to a maximum of 15.4 × 10 6 km 2 in March (Parkinson et al. 1999). Sea ice is recognized as playing a significant role in the biology and ecology of polar marine systems, supporting a productive community of microalgae as well as a diversity of heterotrophs ranging from bacteria to metazoa (Carey & Montagna 1982 , Carey 1985 , Laurion et al. 1995 , Gradinger & Zhang 1997 . Most of the studies on the sea-ice biota in the Arctic Ocean and adjacent seas have been restricted to the coastal fast-ice, probably because of easier access compared to pack ice. With the recent development of highly sophisticated supports, investigations on ice floes have become feasible. Recently, studies of autotrophic and heterotrophic components of sea ice have been carried out on packice systems in the Barents, Laptev, and Greenland Seas and in the central Arctic Ocean (Gradinger et al. 1992 , 1999 , Friedrich 1997 , Melnikov 1997 , Gradinger 1999 ABSTRACT: The abundance, biomass, composition and grazing impact of the bottom sea-ice meiofauna were investigated in the North Water, High Arctic, during April and May 1998. Sampling was conducted on both pack ice and land fast-ice. At the lowermost 2 to 4 cm of the sea ice, chlorophyll a reached a maximum concentration of 55.7 mg m -2
INTRODUCTION
In the Northern Hemisphere, sea-ice extent varies from a minimum of 7.0 × 10 6 km 2 in September to a maximum of 15.4 × 10 6 km 2 in March (Parkinson et al. 1999) . Sea ice is recognized as playing a significant role in the biology and ecology of polar marine systems, supporting a productive community of microalgae as well as a diversity of heterotrophs ranging from bacteria to metazoa (Carey & Montagna 1982 , Carey 1985 , Laurion et al. 1995 , Gradinger & Zhang 1997 . Most of the studies on the sea-ice biota in the Arctic Ocean and adjacent seas have been restricted to the coastal fast-ice, probably because of easier access compared to pack ice. With the recent development of highly sophisticated supports, investigations on ice floes have become feasible.Sea-ice meiofauna predominantly inhabit the bottom layers of the sea ice and are comprised of both permanent and temporary residents (Carey 1985) . Several field studies dealing with sea-ice meiofauna have focused on their composition, distribution, abundance and biomass (Carey & Montagna 1982 , Cross 1982 , Kern & Carey 1983 , Grainger et al. 1985 . Grainger & Hsiao (1990) were the first to study the diet of several components of sea-ice meiofauna. They concluded that some groups of ice meiofauna are major consumers of ice algae in Frobisher Bay, Canadian Arctic. Only 2 studies have provided estimates of the grazing impact of sea-ice meiofauna on ice algae. Gradinger (1999) reported that daily and yearly potential ingestion rates of sea-ice meiofauna were far below the values of icealgae production in the central Arctic Ocean. In the Greenland Sea, however, Gradinger et al. (1999) showed that grazing of sea-ice meiofauna controls biomass accumulation of primary producers in multi-year ice floes during summer and late autumn. Sea-ice meiofauna may therefore play an important role in controlling sea-ice algal development and could represent a link in the energy transfer from the ice to upper pelagic and benthic trophic levels.
There is, to our knowledge, no published information on the meiofauna inhabiting seasonal sea ice found in polynya regions. Arctic polynyas are defined as mesoscale areas (10 to 90 000 km 2 ) of open water (or very little ice cover) surrounded by ice (Mysak & Huang 1992 , Stirling 1997 . The recurring North Water polynya of Smith Sound and northwestern Baffin Bay, the largest in the Canadian Arctic (Smith et al. 1990) , is ice-covered during the coldest months and can have some open water in early spring (Stirling 1997) . It is considered to be one of the most productive areas north of the Arctic circle (Stirling 1980 , Lewis et al. 1996 . The purpose of the present investigation was:
(1) to document the composition, abundance and biomass of sea-ice meiofauna in first-year sea ice in the North Water during spring, and (2) to estimate the grazing impact of sea-ice meiofauna on the bottom icealgae standing stock and primary production.
MATERIALS AND METHODS
Study area and sampling. This study was conducted on both land fast-ice and pack ice into the North Water, northern Baffin Bay, High Arctic, from 7 April to 29 May 1998, on board the icebreaker CCGS 'Pierre Radisson'. Ice-algae and meiofaunal sampling was carried out at 20 stations, located between 76°N and 78°N and between 73°W and 77°W (Fig. 1,  Table 1 ). Only 1 station was located on the land fast-ice (Station 3); this station was repeatedly sampled during the season. Snow depth, ice thickness and incident and sub-ice irradiances (LI-COR PAR sensors) were measured at each station. From 5 to 8 ice cores were collected at each station, using a MARK II coring system (9 cm inner diameter; Kovacs Enterprise, Lebanon, New Hampshire). Three to 5 cores were used for the determination of salinity, particulate organic carbon (POC), pigment concentrations, and ice-algae production. The remaining 2 to 3 cores were sampled for abundance, biomass and composition of sea-ice meiofauna.
Laboratory analyses. The bottom 2 to 4 cm of the cores was cut and put together in a dark container for biological analyses. Then, the next 4 cm above were cut and melted for later determination of the salinity with an Autosal salinometer. In order to minimize osmotic stress during melting, the bottom-ice cores were rapidly mixed with surface water from the ice sta- tion, which had been filtered through 0.22 µm hydrophilic Durapore membrane filters (Bates & Cota 1986 , Garrison & Buck 1986 . POC was determined on duplicate subsamples filtered on to precombusted Whatman GF/F glass-fiber filters, which were kept frozen until analysis on a Perkin Elmer Model 2400 CHN analyzer.
Chlorophyll a (chl a) and pheopigment concentrations were determined fluorometrically on duplicate subsamples filtered on to Whatman GF/F glass fiber filters. Chl a and pheopigment concentrations were calculated using equations of Holm-Hansen et al. (1965) after measuring fluorescence with a R010 Turner Designs Fluorometer, following 24 h extraction in 90% acetone at 5°C without grinding (Parsons et al. 1984) . Particulate ice-algae production was measured using the 14 C-assimilation method as described in . Briefly, the photosynthetic rates versus irradiance were determined in a linear incubator (Babin et al. 1994) . Water temperature was maintained at -1 to 0°C, using a thermoregulating bath. After 2 to 4 h incubation, samples were filtered on to Whatman GF/F glass-fiber filters. The filters were rinsed with nonradioactive filtered seawater before being removed from the filtration apparatus, after which they were dropped into borosilicate scintillation vials. Under the hood, 100 µl 0.5 N HCl was added to each vial in order to remove the non-incorporated 14 C (Lean & Burnison 1979) . Following the evaporation of the acid, Ecolume scintillation cocktail (ICN) was added. The activity was measured on a Packard Tri-Carb 2100TR liquid scintillation analyzer. The daily production rate was estimated according to the model of Jassby & Platt (1976) , using in situ irradiance.
Sea-ice meiofauna. The bottom 6 cm of 2 to 3 ice cores was cut into 3 sections of 2 cm (0-2, 2-4 and 4-6 cm). These sections were put in separate clean plastic bags and transported back to the ship. Each icecore section was melted in 1 000 ml of surface water filtered through 0.22 µm hydrophilic Durapore membrane filters. After complete melting, each sample was then passed through 500 and 63 µm sieves, and the 63 µm screenings fixed in 4% borax-buffered formaldehyde solution for subsequent analysis at home laboratory. Sea-ice meiofauna were sorted from the 63 µm fraction, after staining in Rose Bengal, and counted under a dissecting microscope.
Nematode composition was assessed at the land fastice station on 26 April (2 replicates) and 1 May (3 replicates). One-hundred nematodes were subsampled per replicate and mounted on glycerin slides (McIntyre & Warwick 1984) for species identification.
Biomass of the sea-ice meiofauna was estimated from size measurements of observed animals. The length and width of all organisms in each ice-core section were measured (except for Stn 3 where only 20 nematodes were measured on 26 April and 1 May), using a dissecting microscope. These measurements were used for further conversion into biomass, using conversion Wieser (1960) and Warwick & Price (1979) as
where 530 is a dimensionless conversion factor applied for nematodes, L is the total length (mm), W is the maximum width (mm) of a given individual, and 1.13 is the specific gravity (µg nl -1 ) (Wieser 1960) . Organic carbon content (C org ) was estimated assuming that C org is equal to 12.4% of wet weight (Jensen 1984) .
Copepods: The volume (V in nl) of copepods (186 individuals) was calculated according to Warwick & Gee (1984) with
where L is the total length (mm), W is the width (mm), and C is a specific dimensionless conversion factor depending on the body form: semi-cylindrical (C = 560) and pyriform (C = 400). The wet weight (WW in µg) was calculated according to Riemann et al. (1990) as
where 0.9 is a dimensionless conversion factor, V is the volume of a given individual (nl), and 1.13 is the specific gravity (µg nl -1
). The dry weight of copepods was estimated as 22.5% of wet weight according to Gradinger et al. (1999) . Organic carbon content (C org ) was estimated as constituting 40% of dry weight (Feller & Warwick 1988) .
Crustacean nauplii: The wet weight (WW in µg) of the nauplii (254 individuals) was calculated according to Gradinger et al. (1999) as
where 360 is a conversion factor (µg mm -3 ), L is the length (mm) and W is the width (mm). Dry weight and organic carbon content were calculated as for copepods.
Polychaete larvae: The volume (V in nl) of the polychaete larvae (7 individuals) was determined using a program developed by Nozais & Duchêne (1996) , which allows for a reconstruction of the body volume of polychaete larvae, according to a set of biometrical data. The biomass was estimated by converting the volume of a given individual into organic carbon with a value of 0.11 pg C µm -3 (Gradinger 1999) . Turbellarians: The wet weight (WW in µg) of turbellarians (3 individuals) was obtained according to Gradinger et al. (1999) with
where 550 is a dimensionless conversion factor, L is the length (mm), W the width (mm), and 1.13 is the specific gravity (µg nl -1
). Dry weight and organic carbon content were calculated as described for copepods.
Potential maximum carbon ingestion rates of the seaice meiofauna taxa were calculated using the allometric equation given by Moloney & Field (1989) for planktonic organisms, and used for sea-ice organisms (Vézina et al. 1997 , as
where I max is the potential maximum ingestion rate
), M is the size of a given individual (in pg C), B is the carbon biomass of the compartment (in mg C m -2 ), and T is the temperature of the ice (in °C). All rates were calculated assuming a Q 10 value of 2 and an ice temperature of -1°C.
Ice-algae chlorophyll a concentration (in mg m -2 ) was converted into autotrophic carbon (in mg C m -2 ), using a POC:chl a ratio of 54 obtained by linear regression of POC versus chl a:
Spearman's rank-correlation analysis was used to infer relationships between variables (Zar 1984) .
RESULTS
Physical variables showed large spatial variability in the North Water (Table 1) . Snow depth varied between 0 and 12.2 cm and ice thickness ranged from 14.2 to 155 cm. Ice salinity ranged between 2.8 and 11.5 ‰. The concentrations of POC and chl a in the bottom 2 to 4 cm of the ice varied considerably in the pack ice, ranging from 118 to 3237 mg C m -2 and 0.1 to 55.6 mg m ). Overall, high chl a concentrations were observed along the coast (Fig. 2) . Pheopigment concentrations were always very low in the pack ice as well as at the land fast-ice station, ranging from 0 to 0.62 mg m -2 (data not shown). Sea-ice meiofauna were found only in the lowermost 2 cm of sea ice in the North Water. Total abundance of the sea-ice meiofauna ranged from 0 to 34 500 ind. m -2 at the sampling stations (Fig. 3D , Table 2 ). Nematodes were the most numerous individuals in the ice, followed by copepods (harpacticoids and cyclopoids), crustacean nauplii, polychaete larvae, and turbellarians. At the pack-ice stations, copepods and crustacean nauplii often dominated in terms of abundance, exhibiting a maximum of 11 080 ind. m -2 (Stn 21) and 4090 ind. m -2 (Stn 16), respectively (Fig. 3B,C ). When present, copepods and nauplii contributed from 1.5 to 87.6%, and from 11.8 to 100% of the total meiofauna abundance, respectively (Fig. 4A) . Highest densities of nematodes were observed in the land fast-ice at Cape Herschel (Fig. 3A) , ranging from 1730 ind. m -2 (Stn 3A, 13 April) to 33 250 ind. m -2 (Stn 3C, 26 April) (Table 2) . Overall, nematodes accounted for 80.5% (13 April) to 98.5% (26 April) of the total abundance of sea-ice meiofauna at the land fast-ice station (Fig. 4A) .
The total sea-ice meiofauna biomass ranged between 0 and 19.4 mg C m -2 at the sampling stations (Fig. 5D , Table 3 ). The highest biomass was found at Stn 21, with copepods accounting for 98.5% of the total biomass ( Fig. 4B) . At the land fast-ice station, the biomass of nematodes increased sharply from 13 to 26 April (from 0.17 [Stn 3A] to 3.39 mg C m -2 [Stn 3C]), and slightly declined thereafter to 3.31 mg C m -2 on 1 May (Fig. 5A, Table 3 ; Stn 3D). Nematodes comprised from 32.7% (13 April) to 91.7% (1 May) of the total biomass of sea-ice meiofauna at the land fast-ice station (Fig. 4B) . Overall, sea-ice meiofauna contributed between 0.004 and 1.34% of the ice-bottom POC in the North Water (Table 3) .
Using the carbon-based grazing model of Moloney & Field (1989) , we estimated the potential grazing impact of sea-ice meiofauna in the North Water. Potential daily ingestion rates varied between 0.012 and 8.24 mg C m -2 for the total sea-ice meiofauna community in the pack ice (Table 4) . Copepods had the highest maximum potential daily ingestion rate, followed by crustacean nauplii, nematodes, polychaete larvae, and turbellarians. When present in the pack ice, copepods and crustacean nauplii contributed 14.9 to 95.9%, and 1.5 to 55.8% of the potential daily ingestion rate, respectively ( Fig. 4C) . At the land fast-ice station, nematodes exhibited the highest maximum potential daily ingestion rate, followed by copepods, crustacean nauplii, polychaete larvae, and turbellarians. Nematodes were the main consumers, contributing 91.6% of the potential daily ingestion rate on 1 May (Stn 3D, Fig. 4C ). During this study, ice-algae biomass and production ranged from 1.1 to 55.6 mg chl a m -2 and from 26 to 317 mg C m -2 d -1
, respectively (Table 4 ). The potential daily grazing impact of the different sea-ice meiofauna taxa remained low, ranging from < 0.01 to 0.60% of bottom ice-algae standing stock and from < 0.1 to 3.5% of bottom ice-algae production in the pack ice (Table 4) . At the land fast-ice station, the potential daily grazing impact of the different sea-ice meiofauna taxa varied from 0.05 % (Stn 3A, 13 April) to 0.92% (Stn 3D, 1 May) of bottom-ice algae standing stock and from 0.55% (13 April) to 5.7% (1 May) of bottom ice-algae production. Overall, the highest icemeiofauna potential daily grazing impact on bottomice algae (1 to 5.7% of bottom-ice algae production) was found in the center of the North Water (Stn 21) and at the land fast-ice station, in conjunction with high abundances of copepods and nematodes, respectively (Tables 2 & 4) .
No significant relationship was found between physical and biological variables measured at the land fastice station. At pack-ice stations, chl a concentration was positively correlated with snow depth (Table 5) . Total ice meiofauna and copepod abundances and biomasses were positively correlated with chl a concentrations (Table 5) . Total ice meiofauna and nauplii abundances and biomasses were also positively correlated with the ice thickness. The mean values of the carbon biomass, potential daily ingestion rate, and grazing impact of the different sea-ice meiofauna taxa have been calculated for thin (thickness < 0.5 m) and thick (thickness ≥ 0.5 m) pack ice. On average, total carbon biomass and potential daily ingestion rate of sea-ice meiofauna under ) of (A) nematodes, (B) copepods, (C) crustacean nauplii, and (D) total meiofauna in the bottom ice in the North Water in April and May 1998. Arrows indicate the temporal change of the studied variable at the land fast-ice station of Cape Herschel and at 2 pack-ice stations thin pack ice were about 1 to 2 orders of magnitude lower than those under thick pack ice (Fig. 6 , Table 6 ). Copepods contributed the largest fraction of meiofauna biomass under both thin (64.3%) and thick (87.8%) pack ice. The potential daily ingestion rate of sea-ice meiofauna varied on average, from 0.028 mg C m -2 under thin pack ice to 1.31 mg C m -2 under thick pack ice (Table 6) . These rates accounted for a potential consumption of 0.017 and 0.17% of the total ice-algae biomass (chl a), and for 0.044 and 0.81% of the primary production for thin and thick ice, respectively. Table 6 . Bottom ice-algae biomass, production, potential maximum ingestion rates of sea-ice meiofauna and grazing impact (mean ± SD) under thin (thickness < 0.5 m) and thick (thickness ≥ 0.5 m) pack ice
Chl a Primary production Potential ingestion rate Potential daily grazing impact (mg m Three nematode species were found at the land fastice station, all belonging to the superfamily Monhysteroida. The most abundant species corresponded to the description of Monhysterid sp. 'alpha' given by Riemann & Sime-Ngando (1997) . This species accounted for 90% of the total abundance of nematodes and was only represented by juveniles. The other 2 species were Cryonema tenue Tchesunov & Riemann 1995, and Theristus melnikovi Tchesunov 1986 . For each species, only 1 adult individual (female) per each species was found, the remaining individuals being juveniles.
DISCUSSION
The bottom ice-algae biomass was variable in the North Water, with values ranging from 0.1 to 55.6 mg chl a m -2
. These values are lower than those found by Smith et al. (1988) ), but comparable to concentrations reported by Cota et al. (1987) in Barrow Strait (0 to 79.8 mg chl a m -2 ) and by Gosselin et al. (1986) in southeastern Hudson Bay (0.1 to 39.7 mg chl a m -2 ). Consistent with other studies (Smith et al. 1988 (Smith et al. , 1993 , higher ice-algae biomasses were found under thicker snow cover. It is possible that thick snow cover provided protection from photoinhibition (Gosselin et al. 1986 ).
Sea-ice meiofauna were observed only in the bottom 2 cm of sea ice in the North Water. These observations contrasted with those of Friedrich (1997) , who reported that highest densities of meiofauna could occur in the interior parts of sea ice (i.e. in the lower 30 to 40 cm). However, our results agree with those of Gradinger et al. (1999) , who observed highest densities of sea-ice meiofauna in the lowermost 2 cm of ice, coinciding with highest chl a concentrations. However, these authors also reported the presence of metazoa more than 1 m above the bottom of the ice. Since highest chl a concentrations were observed in the bottom 2 to 4 cm of the sea ice in our study, it is likely that maximum abundances of sea-ice meiofauna were related to highest concentrations of chl a.
Sea-ice meiofauna were composed of nematodes, copepods (harpacticoids and cyclopoids), crustacean nauplii, polychaete larvae and turbellarians. A similar composition has been reported within the bottom layers of sea ice in other arctic and subarctic ecosystems (Carey 1985) . Data on the relative abundance and composition of sea-ice meiofauna from different parts of the Arctic are summarized in Table 7 . Due to consid- . Biomasses and potential maximum ingestion rates of sea-ice meiofauna under thin (ice thickness < 0.5 m, n = 10) and thick (ice thickness ≥ 0.5 m, n = 9) pack ice. Medians, standard deviations and standard errors are shown erable differences in the sampling procedures and methodologies as well as the seasons and locations involved (see Gradinger et al. 1991 for further comments), the resolution of these studies varies widely. Nevertheless, the data are amenable to preliminary comparisons. Average abundance of sea-ice meiofauna observed in the North Water was generally low, but nevertheless comparable to those available in the literature from different parts of the Arctic Ocean (Table 7) . Free-living nematodes usually represent the dominant meiofauna group in Arctic sea ice (Carey 1985 , Grainger et al. 1985 , especially in coastal fastice. They represented from 7.3 to 98.6% of the total abundance of sea-ice meiofauna in Frobisher Bay, Canadian Arctic (Table 7) . Consistent with these results, nematodes accounted for 96.5% of the total abundance of sea-ice meiofauna at the land fast-ice station of Cape Herschel. Given that our land fastice station is representative of the coastal fast-ice in the North Water, the coastal sea-ice meiofaunal community composition in the North Water would appear to be similar to other arctic areas. All nematodes found at the land fast-ice station belonged to the superfamily Monhysteroidea, for whom representatives are described as living in extreme habitats (Tchesunov & Riemann 1995) . Until now, the most abundant species identified as Monhysterid sp. 'alpha' has never been reported in sediments, although closes relatives are found in the benthic environment (Riemann & Sime-Ngando 1997) . The origin of these ice nematodes remains unclear. It is assumed that the monhysterid ice nematodes represent an allochthonous organism in the ice biota (Riemann & Sime-Ngando 1997) . The fact that we observed a temporal increase of abundance of juveniles of nematodes, together with an extremely low number of females at the land fast-ice station, 246 Table 7 . Relative abundance (%) of sea-ice meiofauna taxa from various Arctic seas. 'Others' includes: amphipods, pelecypod larvae, gastropod larvae, might support this view. Carey & Montagna (1982) hypothesized that the bottom layers of coastal fast-ice could represent a recruitment area for benthic meiofauna of shallow waters during spring. Carey (1992) reported that nematodes can be enclosed in the ice after they have been passively lifted together with sediment from the bottom. During the present study, we did not sample the sediment at the land fast-ice station. Therefore, we cannot exclude an interaction between ice and the benthic environment. However, we did not observe any trace of sediments within the ice, suggesting that benthic animals were not incorporated in the land fast-ice through sediment resuspension. Other processes that have been proposed to explain the occurrence of nematodes in the ice include sowing of newly formed ice by pieces of multi-year ice (Tchesunov 1986) , and transport by other animals such as amphipods (Tchesunov & Riemann 1995) , some species of Decapoda Natantia (Steiner 1958) , or whales by means of their baleen (Lorenzen 1986 ). These 2 hypotheses cannot be rejected, since multi-year ice is observed in the North Water and transport by animals is unknown.
In the pack ice, crustacean nauplii were, on average, the second most abundant component of the sea-ice meiofauna, followed by copepods. Carey (1992) , studying the reproduction of sympagic harpacticoid copepods in the Arctic, reported that ice metazoa are capable of producing several generations per year with a more or less continuous reproduction. Similarly, the occurrence of nauplii at most stations of the North Water suggests that the ice copepods were reproducing actively at the bottom surface of the ice during spring. Polychaete larvae were observed both in the pack ice and in the land fast-ice but were poorly represented. Carey & Montagna (1982) reported the presence of polychaete larvae in coastal fast-ice. Larvae of benthic animals, such as polychaetes, are known to migrate in shallow coastal areas into the ice-brine channel network of first-year ice (Carey 1985) . In our study, all polychaete larvae belonged to the spionid family and were nectochaetes. Their occurrence has already been reported in Canadian Beaufort sea ice (Pett et al. 1983) .
Overall, the biomass of sea-ice meiofauna in the North Water during spring ranged between 0 and 19.4 mg C m . This value is low compared to those recorded in drifting pack of the Greenland Sea (5.6 mg C m -2 ), but higher than those observed in the Barents and Laptev Seas (0.5 and 0.6 mg C m -2 , respectively) (Friedrich 1997) . Sea-ice meiofauna weakly contributed to the total ice particulate organic matter (<1.4%).
Few studies have specifically considered the significance of grazing by ice fauna as a factor structuring sea-ice biota in Arctic areas. Laurion et al. (1995) reported first estimates on grazing rates of nanoflagellated protozoa on ice bacteria. Werner (1997) investigated the grazing impact of under-ice amphipods on ice algae and concluded that food was not a limiting factor in the Laptev and Greenland Seas. To date, very little is known about the grazing impact of sea-ice meiofauna on bottom ice-algae production. The only thorough studies of this type have been undertaken in the central Arctic Ocean and in the Greenland Sea (Gradinger 1999 . By comparing calculated total potential ingestion rates with published estimates of annual primary production for Arctic multi-year sea ice, Gradinger et al. (1999) concluded that sea-ice meiofauna were able to control the ice-algae standing stock of drifting multi-year ice floes occurring in the Greenland Sea in summer. In the central Arctic Ocean, however, the ice meiofauna did not appear to be limited all year round (Gradinger 1999 ). To our knowledge, the present study provides the first estimate of the grazing impact of sea-ice meiofauna inhabiting seasonal arctic sea ice. Moreover, in contrast to these previous studies, measurements of icealgae production at the stations studied allowed for more accurate determination of the grazing impact of sea-ice meiofauna. Assuming that allometric equations provided a reasonable estimate of daily maximum ingestion rates (Moloney & Field 1989) , the total bottomice meiofauna (63 to 500 µm) had, on average, a daily potential ingestion rate of 0.96 mg C m -2 . This is low compared to the value of 5.5 mg C m -2 d -1 reported by Gradinger et al. (1999) . The discrepancy between our results and those obtained by these authors can at least be partly explained by differences in methodologies. We defined meiofauna as animals > 63 µm (Giere 1993) and thus used a mesh size of 63 µm, while Gradinger et al. (1999) included animals < 63 µm in their estimates. Hence, our estimates did not comprise smaller metazoan meiofauna. Maximum daily sea-ice meiofauna grazing impact was observed in the land fast-ice, but represented only 0.9% of the ice-algae standing stock and 5.7% of primary production. When considering ice thickness, it appeared that highest sea-ice meiofaunal daily-grazing impact on sea-ice algae standing stock and production was observed in the thick (≥ 0.5 m) pack ice. Whether grazing pressure by sea-ice meiofauna in the land fast-ice differs significantly from that in pack ice cannot be ascertained here, because an insufficient number of stations has been sampled in the land fast-ice. Nevertheless, results of the present study clearly indicate that sea-ice meiofauna were not foodlimited and that grazing on bottom-ice algae was negligible in the North Water during spring. This low grazing pressure by sea-ice meiofauna was also supported by the very low proportion of pheopigments in the ice at all stations, likely indicating a low grazing pressure (Shuman & Lorenzen 1975) in the ice.
In our study we assumed that the sea-ice meiofauna exploited only bottom-ice algae as a food source (Grainger et al. 1985 , Grainger & Hsiao 1990 , Grainger 1991 . Turbellarians have been described as omnivores (McIntyre 1969) , and have been shown to feed on ice algae . Conover & Siferd (1993) hypothesized that nauplii, hatching close to the bottom of the ice, directly graze on ice algae, while Grainger & Hsiao (1990) reported the presence of Atthya septentrionalis and Nitzschia sp. in the diet of copepod nauplii. Similarly, harpacticoid and cyclopoid copepods are known to feed on ice algae (Grainger & Hsiao 1990 , Friedrich 1997 . Although nematodes living in the sediment are reported to feed on algae, bacteria and small metazoa (Boaden 1964 , Giere 1993 , little is known about the nutrition of ice nematodes. Grainger & Hsiao (1990) reported the occurrence of diatoms in their intestines, while Gradinger & Zhang (1997) suggested bacteria and protozoa as their potential food items. Despite the abundance of diatoms in the land fast-ice, there was no clear indication for this food uptake by nematodes. Tchesunov & Riemann (1995) suggested dissolved organic matter as a possible contributor to the nutrition of nematodes. Recently, Moens et al. (1999) demonstrated that adoncholaimid nematodes were able to feed on dissolved organic matter. Indeed, high concentrations of dissolved organic carbon (up to 40 mg C l -1 ) were measured in the bottom ice in Frobisher Bay (Bunch & Harland 1990) and Resolute Passage (Smith et al. 1997) in the High Canadian Arctic. Whether ice nematodes feed on dissolved organic matter and/or ice algae would be an important topic for future research.
Sea ice is known as an environment of limited and patchily distributed food sources (Poltermann 1998) . Hence, food availability is likely to be one of the main factors influencing the distribution of the sea-ice meiofauna in terms of abundance and biomass. Interestingly, we observed a significant increase in the abundance of nematodes in response to the increased chl a concentration in the land fast-ice station. One might assume that increase to be a response to the food sources. Along the same line, both biomass and abundance of copepods correlated well with chl a concentration in the pack ice. Lastly, the relationships between the abundance and biomass of different components of the sea-ice meiofauna and the ice thickness of the pack ice suggest that the horizontal distribution of sea-ice meiofauna is probably governed by ice type, formation and melting processes.
This study clearly shows that sea-ice meiofauna do not control bottom ice-algae standing stock nor its production during spring in the North Water. However, sea-ice meiofauna are certainly not the only consumers of ice algae. For instance, sea-ice amphipods are known to successfully exploit this food source (Werner 1997) as well as several pelagic species of copepods (Cross 1982 , Conover et al. 1986 , Runge & Ingram 1988 , Tremblay et al. 1989 . Therefore, the most important part of the bottom ice-algae stock remains available for trophic competitors of sea-ice meiofauna during spring. Whether or not sea-ice meiofauna control ice-algae standing stock and production in autumn and winter is not known. This question needs further attention, because ice algae may play a major role as a principal primary producer in ice-covered seas in autumn (Hoshiai et al. 1996) .
